Abstract: Simplex lattice mixture design was utilized to optimize a brighter and acceptable injera (Ethiopian staple bread). Fourteen formulations of injera were produced from constrained blends of teff (70-100%), maize (0-30%) and rice (0-30%). Investigated responses were proximate, mineral, sensory and lightness (L* value). Nutritional values (g/100 g) ranged from 59.3 to 62.8 (moisture), 1.74 to 2.76 (ash), 11.5 to 14.7 (protein), 2.1 to 2.6 (fat), 3.91 to 5.2 (fiber) and 75.9 to79.4 (carbohydrate). Minerals (mg/100 g) varied from Fe: 17.7 to 25.1, Zn: 1.62-2.10, and Ca: 25.9 to 51.1. Sensory scores for color, taste, texture, number of eyes, eye size, eye distribution, top & bottom surface and overall acceptability were 5. 63-7.72, 5.22-6.21, 4.83-7.70, 6.02-7.27, 4.12-5.82, 5.42-6.93, 5.97-7.02, and 5.32-7.25, respectively, while the L* value ranged from 54.9 to 63.1. Optimum formulations of injera in terms of color, overall acceptability and L* value consisted of 70% teff, 0% maize and 30% rice with a desirability of 0.909. Numerical optimization also indicated that better sensory, proximate and mineral qualities are directly related with the proportion of rice; maize and teff, respectively.
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PUBLIC INTEREST STATEMENT
Considering the continuous increment of teff grain price in the local market, searching for a less expensive grain such as maize, rice and sorghum as a substitute to make injera is very important. Trials and errors were made by many researchers to promote the use of composite flour for the making of injera by partially substituting teff.
This study for the first time developed an acceptable injera from the composite flour of teffrice-maize mixtures based on scientific approach to prepare injera that are nearly acceptable as pure teff injera with limited number of experimental runs. According to the research finding, using 70% tef and 30% rice to prepare an injera will result in injera bread that is acceptable in its major sensory attributes.
Thus, Ethiopian women and injera factories who bake and sale injera can now apply the optimum formulation for the preparation of nutritious traditional bread with minimal cost.
Introduction
Injera (ingerra, enjera, enjerra), a spongy, sourdough, crepe-like flatbread is the staple of the Ethiopian meal accounting for approximately 70% of dietary calories (Gamboa & Ekris, 2008) . In the northern Ethiopian highlands and around Addis Ababa injera is traditionally and preferentially made from the flour of teff (t'ef) (Eragrostis tef (Zucc.) Trotter), but regionally, wheat, barley, sorghum, millet, maize and rice are all incorporated (Ashenafi, 2006) . Teff injera is getting popular in the developed world as well because of its being a whole grain product and gluten free nature, the cause for celiac disease (Abiyu, Woldegiorgis, & Haki, 2013; Gamboa & Ekris, 2008) .
There are different varieties of tef that vary in color from light to dark. The three most common tef colors are white, brown and red tef. Injera from white teff is most preferred due to its softer texture, preferred taste, its color and can be rolled without cracking. However, it is more widely consumed by the economically better off urban peoples than by rural households (Assefa, Demeke, & Lanos, 2015; Boka, Woldegiorgis, & Haki, 2013) . As teff prices go up, even middle income households tend to mix teff flour with cheaper cereals such as sorghum maize or rice in preparing injera (Demeke & Di Marcantonio, 2013) .
Injera is also considered as good sources of energy, fiber, iron, calcium and vitamins although the fermentation process during preparation results in significant reduction of most of the nutrients found in the cereals flour (Mezemir, 2015) . Unfortunately, even white tef injera color darkens after baking and during storage. Moreover, the shelf life of white injera is only 3-4 days essentially due to mould spoilage (Ashagrie & Abate, 2012) .
The effectiveness of response surface methodology (RSM) in optimization of ingredient levels, formulations and processing conditions in food recipes and formulations has been documented by different food science researchers and nutritionists. It is a statistical mathematical method that uses quantitative data in an experimental design to determine and simultaneously solve multivariate equations, to optimize processes and products (Cox, 1971) . RSM is also a useful tool to minimize the numbers of trials and provide multiple regression approach to achieve optimization (Seth & Rajamanickam, 2012) .
Efforts have been made by many researchers to promote the use of composite flour for the making of injera by partially substituting teff with maize, barley, wheat, sorghum (Cherinet, 1988) , with decorticated sorghum (Yetneberk, de Kock, Rooney, & Taylor, 2004; Yetneberk, Rooney, & Taylor, 2005) , with Flaxseed (Girma, Bultosa, & Bussa, 2013) and with sorghum and maize (Legesse, 2015) to improve the nutrient density and sensory acceptability injera. However no study has reported on the blending of composite flours from different cereals to prepare injera using a response surface methodology. Observations have also shown that many Ethiopian women and organizations (who make and sale injera) prepare it from teff-maize-rice combinations with varying proportions majorly to make its color whiter as pure teff injera has a tendency to darken during storage.
Considering the high price of teff grain in the local market, its low yield potentialand darkening of teff injera after baking, searching for a less expensive grain such as maize, rice and sorghum as a substitute to make injera with comparable quality has become very important (Abraha, Uhlen, Abay, Sahlstrom, & Bjornstad, 2013) . Thus, this study was conducted to develop and optimize injera made from flour composites of teff, maize and rice which is brighter and acceptable with regard to sensory using mixture response surface methodology. The finding of the study will provide a guide for commercial injera companies and household makers to produce a whiter and acceptable injera with lower production cost.
Materials and methods

Sample collection and preparation
Teff DZ-Cr-387 (Kuncho), Maize (M-6Q) and Rice (X-Jegna) varieties were collected from Deber-zeit, Melkasa and Fogera Agricultural Research Centers. The samples were manually cleaned, sorted, sieved in a fine sieve and stored in polyethylene bags separately. Then they were grounded using a stainless steel laboratory mill (FW 100, China) and sieved through a fine sieve of size 0.50 mm. Flours packed in dry polyethylene bags and storage in dry place.
Simplex mixture design
Maximum and minimum levels of independent variables were first investigated by doing a preliminary analysis at various injera baking companies and households. It was found that a maximum of only 30% teff will be substituted with maize and rice. It was found out that substituting more than 30% teff with rice, maize and other cereals to make injera results in rough circumference, powdery, cracked top surface, and brittle when handled with hand. The augmented design (Table 1 ) was used to replicate vertices and binary blends at the edges to minimize residual errors.
Design-Expert ®, version 7.0 software was used for the generation of test formulations and analysis of the results. Simplex lattice design method was employed, to formulate recipes, study the main effect of parameters, create models between the variables, and determine the effect of these variables to optimize the levels of ingredients. Fourteen treatments in random order are created and responses parameters like proximate, mineral, sensory and lightness (L* value) were evaluated ( Table 2 ). The experimental data for each response variable were fitted to the quadratic model as
Preparation of composite flour
The flour composite blends contained teff, maize and rice were prepared using a formula shown in Table 2 . The dry material individually were blended uniformly to homogenize and then packed in tightly closed clean plastic container that kept at room temperature (25 ± 2°C) until used.
Preparation of fermented dough and baking of injera
All ingredients (composite flour + water + ersho (starter culture)) were added accurately and the fermentations of the dough were conducted by following the traditional teff dough preparation procedure as presented by Boka et al. (2013) . Injera of the fourteen formulations were baked at NutrAfrica Food Processing and Agro-Industry Company located at Deber-zeit which is 40 km away from the capital city.
Proximate composition
Proximate chemical analyses of all prepared injera were determined according to 2000 official methods and total carbohydrate was determined by difference. All proximate analyses were conducted in triplicates and are expressed as percentage in dry matter (% DM). 
Determination of crude protein
Protein content was determined according to AOAC (2000) using the official method 979.09 by the Kjeldahl method.
2.5.2.1. Digestion. Fresh samples of 0.5000 g (in duplicate) was taken in a tecator tube and 6 ml of acid mixture (5 parts of concentrated ortho-phosphoric acid and 100 parts of concentrated sulfuric acid) was added and mixed, and 3.5 ml of 30% hydrogen peroxide was added step by step. As soon as the violet reaction had ceased, the tubes was shaken and placed back to the rack. Three gram of catalyst mixture (ground 0.5000 g of selenium metal with 100 g of potassium sulfate) was added into each tube, and allowed to stand for about 10 min before digestion. When the temperature of the digester attained 370°C, the tubes were lowered into the digester. The digestion was allowed to continue until a clear solution was obtained, about 4 h. The tubes in the rack were cooled in a fume hood; 25 ml of de-ionized water was added, and shaken to avoid precipitation of sulfate in the solution.
Distillation.
A 250 ml conical flask containing 25 ml of boric acid, 25 ml of distilled water and an indicator solution was placed under the condenser of the distiller with its tips immersed into the solution. The digested solution was transferred into the sample compartment of the distiller. Sodium hydroxide solution (35%) was added (40 ml) into the digested and diluted solution. The distillation process was continued for 9 min until a total volume reached between 200 ml and 250 ml. The tip of the distiller was rinsed with a few milliliter of water before the receiver was removed.
Titration.
The distillate was titrated using 0.1 N hydrochloric acid until reddish color appeared.
The crude protein was determined using the following formula below.
where V is the volume of HCl in liter consumed to the end point of titration, N is the normality of HCl (0.1 N was used), W 0 is sample weight on dry matter basis and 14.00 is the molecular weight nitrogen. The % of nitrogen is converted to % of protein by using appropriate conversion factor 6.25.
Determination of crude fat
Crude fat was determined according to AOAC (2000) using the official method 4.5.01. About 2 g of flour (in duplicate) was extracted with 50 ml petroleum ether or diethyl ether for a minimum period of 4 h in the soxhlet extractor. The solvent was then evaporated and the extracted fat was dried in the oven and cooled in a desiccator. The crude fat was determined according to the following equation.
where W 1 = weight of the extraction flask (g); W 2 = weight of the extraction flask plus the dried crude fat (g); and W = weight of sample (g).
Determination of ash content
The ash content was determined by AOAC (2000) using the official method 923.03. Porcelain dishes were placed in a muffle furnace for 30 min at 550°C. The dishes were cooled in desiccators (with granular silica gel) for about 30 min at room temperature and weighed to the nearest milligram (W 1 ). About 2.5000 g of fresh sample (in triplicate) were placed in dish and weighed (W 2 ). Dishes were placed on a hot plate under a fume-hood and the temperature was slowly increased until smoking ceases and the samples become thoroughly charred. The dishes with sample were placed inside the muffle furnace at 550°C for 5 h and cooled in desiccators for 1 h. The ash in each dish was clean and white in appearance. When cooled to room temperature, each dish with ash was reweighed to the nearest milligram (W 3 ).
where (W 2 −W 1 ) is sample mass in g on dry base and (W 3 −W 1 ) mass of ash in g.
Determination of crude fiber
Crude fiber content of the injera samples was determined according to the method 962.09 of the AOAC (2000).
Digestion:
Fresh samples of 1.7000 g (in triplicate) (W 3 ) was placed into a 660 ml beaker; 200 ml of 1.25% sulfuric acid were added, and boiled gently for 30 min while watch glass were placed over the mouth of the beaker. During boiling, the level of the sample solution was kept
Protein(%) = 6.25 × % Nitrogen.
constant with hot distilled water. After exactly 30 min heating, 20 ml of 28% KOH was added and boiled gently for further 30 min, with occasional stirring.
Filtration.
The bottom of a sintered glass crucible was covered with 10 mm sand layer and wetted with distilled water. The solution was poured into sintered glass crucible and filtered with the aid of vacuum pump (High performance vacuum pump, Robin Air way, SPX Corporation, Monteplier, USA). The wall of the beaker was rinsed with hot distilled water several times; washings was transferred to the crucible and filtered.
2.5.5.3. Washing. The residue in the crucible was washed with hot distilled water and filtered (repeated twice). The residue was washed with 1% sulfuric acid and filtered, and then washed with hot distilled water and filtered; and again washed with 1% NaOH and filtered. The residue was washed with hot distilled water and filtered; and again washed with 1% sulfuric acid and filtered. Finally the residue was washed with water free acetone.
Drying and combustion.
The crucible with its content was dried in a drying oven for 2 h at 130°C and cooled for 30 min in a desiccator (with granular silica gel), and then weighed (record as W 1 ). The crucible was cooled in desiccators and weighed (recorded as W 2 ).
where W 1 = weight of crucible with sample after drying; W 2 = weight of crucible with sample after ashing; W 3 = fresh sample weight.
Determination of carbohydrate
Carbohydrate content was determined by difference.
where CHO is carbohydrate content, P is protein content, F is fat content, Fb is fiber content and A is ash content.
Mineral determination (Fe, Zn & Ca)
The concentrations of Iron, Zinc and Calcium in the samples were calculated from the absorbance obtained from the flame atomic absorption spectrophotometer (Shimazdu, Japan) of each samples as compared to the standard.
Ash was obtained from dry ashing of food sample by the procedure described above in the total ash analysis. The ash was wetted completely with 7 ml of 6 N HCl, and dried on a low temperature hot plate. Fifteen (15 ml) of 3 N HCl was added to the dried ash and heated on the hot plate until the solution boiled. The ash solution was cooled to room temperature in a hood and filtered into a 50 ml graduated flask using a filter paper (Whatman 45,125 mm). Fifteen (15 ml) of 3 N HCl was added into each crucible dishes and heated until the solution boiled, was then cooled and filtered into the flask. The crucible dishes were again washed three times with de-ionized water; the washing was filtered into a flask. 2.5 ml of lanthanum chloride was added for each sample. Then, the solution was cooled and diluted to 50 ml with de-ionized water. A blank solution was prepared in 50 ml volumetric flask with the same procedure for minerals reading. Sample reading was conducted using atomic absorption spectrophotometer. 
Standard solutions
Sensory evaluation
Injera prepared from the different composite flours were evaluated for its sensory acceptability and preference by using 30 consumer participants. The attributes assessed included: visual color, taste, texture, appearance (eye size, number of eyes, eye distribution, top and bottom surface) and over all acceptance. The nine point hedonic scale rated from 1 (extremely dislike), 5 (neither like nor dislike) to 9 (extremely like) for evaluating the degree of liking and disliking were employed. All the panelists were frequent consumers of injera. The age ranges of the participants were 22-45 years old, so that they could fill the score card properly. Twelve (12) of the participants were female while eighteen (18) of the participants were male.
Color measurement of injera by image analysis using Adobe Photo Shop TM software
Color of the formulated injera was evaluated by the image analysis method according to Yam and Papadakis (2004) . Images were captured using an image acquisition system for a digital color camera similar to the method developed by Yam and Papadakis (2004) . CIE L *a*b* were measured on the digital image of the sample visualized on the monitor using a graphics software Adobe Photoshop CS3 by pointing the cursor on the surface area of the sample and by clicking on it. Three surface points from each injera sample were taken for the measurements.
Statistical analysis and optimization
Duncan's Multiple Range test (SPSS version 21.0 for Windows, SPSS Inc, Illinois, USA) was carried out to determine level of significance within means. A p-value less than 0.05 was considered as significant. Both numerical optimization and graphical optimization technique were employed using the Design Expert TM version7.0 software (State Ease Inc.) with a criterion of minimum teff while maize and rice were kept in ranges.
Results and discussion
Proximate composition of the formulated injera
Moisture, total ash, crude protein, crude fat, crude fiber, carbohydrate content and dry matter of all formulated injera are presented in Table 3 . All attributes other than moisture contents are expressed on dry basis (% DM).
The blending ratio had a significant effect (p < 0.05) on moisture content of the composite injera samples. The mean moisture content of the formulated injera ranged from 59.34 to 62.83%. Previous studies Gebrekidan and Gebrehiwot (1982) , Yetneberk et al. (2004) reported that the moisture content of injera made from different cereals is above 50%.
The mean total ash content of product is in the range of 1.74-2.76% DM (Table3). Injera made from composite flours with higher proportion of teff showed a higher ash content. This was The mean protein values of all injera varied from 11.53 to 14.74% DM (Table 3) which is in close agreement with Legesse (2015) (9.4-13.3). Generally the protein content is high in injera made from composite flours containing high ratio of maize. However, the protein content of maize flour is 9.42% DM (Nuss & Tanumihardjo, 2010) , while teff has 10.7%DM (Sadik, Demelash, & Gizaw, 2012) . This discrepancy might be due to the synthesis of more enzyme proteins in case of maize fermentation. Lopez, Pereira, and Junqueira (2004) reported that compositing of flours to prepare gluten free bread affects fermentation patterns/kinetics and fermentation affects protein content resulting in a compositional change following the degradation of other constituents.
Crude fat content of injera samples did not significantly differ (p > 0.05) due to variations of ingredients. F6 (70%teff, 30% maize and 0% rice) has the highest crude fat value (2.60). Crude fat increases as the proportion of maize in the blend increases (Table 3) . Since maize has a higher fat content than teff and rice. Mesfin and Shimelis (2013) reported that the crude fat of maize is 3.14% DM. Nuss and Tanumihardjo (2010) reported the crude fat content of rice is 0.58% DM. This is also in agreement with Bultosa, Hall, and Taylor (2002) who reported that the mean crude fat content of maize (4.45%) is more than doubles the crude fat content of teff (2%).
The crude fiber of the baked injera varied from 3.91 to 5.21% (Table 3) . Injera made from 100% teff had the highest fiber content (5.21%) and injera containing 85% teff, and 15% maize with no rice has the least crude fiber content (3.91%). However, Ashenafi (2006) reported that the crude fiber of injera made from teff and maize were 1.00% DM and 0.8% DM,respectively.
The carbohydrate content of the baked injera ranged from 75.91 to 79.47%. Injera made from 70% teff, 0% maize and 30% rice had significantly high amount of CHO (79.47%) and injera processed from 70% teff, 30% maize and 0% rice had significantly low CHO content (75.91). However there were no significant variations among the rest of the samples in their carbohydrate content (Figure 1 ). Nuss and Tanumihardjo (2010) reported that the carbohydrate content of rice and maize is found to be 79.3 and 74.3% respectively.
Total mineral content of the baked injera
In this study total iron, zinc and calcium contents of all formulated injera were analyzed and the results are shown in Table 4 . Among the single component mixtures, teff produced the highest increase in total iron content followed by rice and maize, respectively. The interaction of rice and maize produced an antagonistic effect on the iron content of the injera (Figure 2 ). The total iron contents of all composite injera vary from 17.73 to 25.13 mg/100 g. The iron content of injera processed from pure teff is significantly (p < 0.05) higher (25.13 mg/100 g) than the injera processed from other composite injera because grain teff has high iron contents (25.53 mg/100 g) (Baye,2014) than maize (2.71 mg/100 g) and rice (0.8 mg/100 g). A minimum value (17.73 mg/100 g) was obtained at 70% teff, 15% maize & 15% rice.
The total zinc content ranged from 1.62 to 2.10 mg/100 g). Injera prepared from pure teff had significantly (p < 0.05) higher zinc content (2.10 mg/100 g) than other formulations. This is explained by the higher content of zinc (2.4-6.8 mg/100 g) in teff grains than maize (2.6-4.6 mg/100 g) and rice (2.2 mg/100 g) (Baye, 2014) .
The calcium contents of all composite injera varied from 25.99 to 51.11 mg/100 g. The highest value (51.11 mg/100 g) was obtained when the sample is processed from pure teff and the lowest value (25.99 mg/100 g) was obtained when 80% teff, 10% maize and 10% rice were blended. Calcium content of injera increased when the proportion of teff in the blend increased. The observed high calcium content may be contributed by high calcium content of teff (165.2 mg/100 g) (Bultosa et al., 2002) than maize (7.0 mg/100 g) and rice (9 mg/100 g) (Nuss & Tanumihardjo, 2010) .
Sensory acceptability of the formulated injera
The sensory acceptability (color, taste, texture, appearance which includes no of eyes, eye size, eye distribution and top & bottom surfaces, and overall acceptability of all formulated injera is presented in Table 5 . The multiple regression analysis (Table 6 ) of sensory scores also showed that the model terms are significant for prediction and the model presented no significant lack of fit. Therefore the model terms are adequate to create regression equation for prediction for these attributes.
Color
The color of the baked injera ranged from 5.63 to 7.72. There is a significant difference (p < 0.05) in the preference of the panelists among the 14 experimental trials. However except F8 (injera made from 100% teff), all the formulations were accepted greater than 6 (like slightly) by the panelists. The contour plot (Figure 3) showed that those formulations having more maize and rice in the recipe had shown a relatively maximum color value which is in close agreement with the fact that maize and rice have good coloring effect for injera baking. Multiple regression for color was Y = 5.78X 1 + 7.27X 2 + 7.57X 3 (R 2 = 0.9051) also indicated that suggests that rice produced the highest increase for color score followed by maize and teff respectively.
Taste
Blending ratios have no significant impact on the taste result of all formulated injera at p < 0.05 which ranged from 5.22 to 6.21. F13 injera made from 85% teff, 0% maize and 15% rice is the most preferred taste by the panelists. Minimum value was obtained in F1 (injera prepared from 85% teff, 15% maize and 0% rice). Multiple regression for taste was Y = 6.03X 1 + 5.83X 2 + 5.37X 3 −2.65X 1 X 2 + 1.20X 1 X 3 −0.79X 2 X 3 (R 2 = 0.7746) suggested that the addition of teff resulted in highest hedonic scores for taste followed by maize and rice respectively (Figure 4) .
Texture
The texture value for the baked injera as reported by the panelists is found to be 4.83-7.70. Panelists texture response varies among the 14 formulations at p < 0.05 and maximum response (7.70) was obtained in injera made from ingredients containing 70% teff, 30% rice and with no maize. Minimum value for texture was obtained in F6 (70% teff, 30% maize and 0% rice). There is an increasing trend of liking the texture when the proportion of teff and rice are increased and texture score decreased when the proportion of maize is increased. This is in line with the findings of Yetneberk et al. (2004) who reported that teff injera is relatively soft compared to sorghum injera. The relative softness of teff injera could be related to starch granule size. Teff and rice starch have smaller granule sizes (2-6 μm) (Umeta & Parker, 1996) and (5 μm) (Jane, Shen, Wang, & Maningat, 1992 ) respectively compared with maize starch granule size 15 μm (Jane et al., 1992) . The model obtained also for the texture of the samples was Y = 7.16X 1 + 5.80X 2 + 7.58X 3 (R 2 = 0.6141) indicated that the quantity of rice is the most dominant variable on the texture of injera samples followed by teff and maize respectively ( Figure 5 ). Further investigation on effect of flour sieve size on the texture of injera should be evaluated in detail.
Number of eyes
There is no significant difference (p < 0.05) in the sensory acceptability test result for no of eyes in most of the formulations. The test result from counter plot showed that no of eyes are more preferred relatively when the proportion of maize decreases in the recipes. The model obtained for the number of eyes the samples was Y = 6.75X1 + 6.13X2 + 7.01X3 (R 2 = 0.5745) indicating that all the independent variables have increased the sensory scores for no of eyes. Yetneberk et al. (2004) and Gebrekidan and Gebrehiwot (1982) reported that injera from sorghum had poor sensory quality with less gas holes on the surface of the injera. Table 5 . Sensory acceptability test result of the formulated fresh injera using 9 point hedonic scale
Notes: Values are mean and standard deviation of triplicate run. Values followed by different letters with in a column indicate significant difference (p < 0.05). Scores are based on a 9-point hedonic scale with 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much and 9 = like extremely. 
Formulations
Eye size
Eye size of the blended products ranged from 4.12 to 5.82. Maximum scores for eye size was obtained in F5 (70% teff, 15% maize, and 15% rice) and minimum scores was found in F4 (70% teff, 30% maize and 0% rice). The sensory scores for eye size by judges are below 6 (slightly liked) which indicated that eye size was not liked by the consumers.
Eye distribution
The sensory response for eye distribution of the formulated injera varies from 5.42 to 6.93 and are significantly different (p < 0.05) in five groups. The eye distribution of F10 (70% teff, 0% maize and 30% rice) is most liked than other formulations and F6, injera baked from 70% teff, 30% maize and 0% rice is least liked by panelists. The contour plot (figure not shown here) showed that the eyes of injera were more evenly distributed when the proportion of rice increased while the acceptability with respect to eye distribution decreases when the proportions of maize increased. The model obtained for the eye distributions of the injera was Y = 6.19X 2 + 5.77X 2 + 6.63X 3 (R 2 = 0.5041). 
Top and bottom surfaces
Overall acceptability
The overall acceptability of the 14 formulations is found to be in the ranges of 5.32 to 7.25. Injera made from 70% teff, 0% maize and 30% rice (F10) is the most liked formulation and F6 (70% teff, 30% maize and 0% rice) is the least liked injera of all formulations. Injera containing high proportion of rice is more liked than injera made from high proportion of maize by the panelists. The regression model obtained for the overall acceptability of the injera samples was Y = 5.85X 1 + 5.54X 2 + 7.05X 3 + 2.61X 1 X 2 −2.61X 2 X 3 (R 2 = 0.8286) indicating that interaction of teff and maize produced an increased response on the overall acceptability of injera samples where as an antagonistic effect on the overall acceptability of injera samples were produced from the interaction of rice maize and rice.
Color (L* values) of the formulated injera
There is a significant difference (p < 0.05) in L* values (lightness) between the composite injera samples as the blending ratios varies. The mean L* values (lightness) ranged from 54.95 to 63.17. Generally a higher L* value means a lighter injera where as a lower L* value means a darker injera. Highest L* value (63.17) was found in formulations with a proportion of 70% teff, 0% maize and 30% rice and least L* value (54.65) was found in 100% pure teff mixture. From the counter plot it was observed that with higher proportion of teff included in the mixture, lower L* value was observed and formulations with higher proportion of rice showed a higher L* value. The liner equation for L-value was Y = 55.92X 1 + 57.37X 2 + 61.94X 3 (R 2 = 0.7174) suggests that the addition of teff produced the lowest increase in lightness of injera samples while the addition of rice produced highest increase in the L* values of the samples (Figure 6 ).
Optimum formulation
Primary objective of this study is to develop an injera having high qualities with regard to its color, L value, sensory scores for color and overall acceptability was considered for the optimization. Thus, during numerical optimization, an attempt was made to maximize the responses for sensory scores (color, and overall acceptability) and L* value. The ingredient teff was set to minimum while maize and rice was set in ranges. The high relative importance of "5"were assigned to color, and L* values. This is due to the fact that the appearance and color is the most important attributes that influence the consumers to buy a food product (Tipwichai & Sriwattana, 2012) . The importance given to the overall acceptability was "3". Optimization suggested that injera made with 70% teff, 0% maize and 30% rice achieved the best solution for this combination of variables with a desirability of 0.909 (Figure 7) . The predicted response values obtained for this developed injera were 7.57, 7.05 & 61.94 for color, over all acceptability and L* value, respectively. Graphical optimization also indicated similar results (Figure 8 ).
In case of graphical optimization for proximate composition, the most importance was assigned again to maximum responses for protein, total carbohydrate and crude fat while minimizing teff and keeping maize and rice in ranges. The overlay plot (figure not shown here) indicates the optimum factor variable levels are 70, 29.1 and 0.9% for teff, maize and rice respectively. The predicated responses were 13.83 g/100 g, 2.48 g/100 g and 76.50% for crude protein, crude fiber and total carbohydrate, respectively. Proximate composition of injera for protein, fat and carbohydrate increases progressively as the proportion of maize in the recipe increases.
Graphical optimization with regard to iron content, zinc and calcium content were assigned maximum value while the factor levels remains as above. The overlay plot (figure not shown here) indicates the optimum factor variable levels are 88.2, 0.00 and 11.8% for teff, maize and rice respectively. The optimum responses were 22.29 mg/100 g, 1.94 mg/100 g and 47.18 mg/100 g for iron, zinc and calcium contents respectively. Total mineral content of injera for iron, zinc and calcium increases progressively as the proportion of teff in the recipe increases. 
Conclusions
Response surface methodology was successfully applied to obtain the best combination of teff, maize and rice for producing injera. The optimum formula of injera in terms of color, overall acceptability and L* value consisted of 70% teff, 0% maize and 30% rice with a desirability of 0.909. The optimized injera had color, over all acceptability and L* values of 7.57, 7.05 and 61.49, respectively. Numerical optimization also indicated that better sensory, proximate and mineral qualities are directly related with the proportion of rice; maize and teff, respectively. The finding of the study will provide a guide for commercial injera companies and household makers to produce a whiter and acceptable injera with lower production cost. 
